We report measurements of the decays B + → φφK + and B 0 → φφK 0 using a sample of 231 million BB pairs collected with the BABAR detector at the PEP-II asymmetric-energy B Factory at the Stanford Linear Accelerator Center. The branching fractions are measured to be B(B + → φφK + ) = (7.5 ± 1.0 (stat) ± 0.7 (syst)) × 10 −6 and B(B 0 → φφK 0 ) = (4.1 +1.7 −1.4 (stat) ± 0.4 (syst)) × 10 −6 for a φφ invariant mass below 2.85 GeV/c 2 .
PACS numbers: 13.20. He, 14.40.Nd We report an observation of the decay B + → φφK + and evidence for B 0 → φφK 0 along with their corresponding branching fractions. The decay modes studied involve a flavor-changing neutral current b → sss transition. These charmless transitions can interfere with the → ccs process B → η c K, η c → φφ and lead to direct CP violation [1] ; the CP asymmetry expected in the Standard Model (SM) is zero, so a non-zero CP asymmetry would be a sign of new physics. Furthermore, an analysis of time-dependent CP violation in B 0 → φφK 0 would be sensitive to physics beyond the Standard Model and complementary to measurements in the other decays that are dominated by the → sss transition. In the SM, the partial decay widths for these decays are expected to be equal due to the suppression of ∆I = 1 transitions in the electroweak Hamiltonian [2] . Additional interest in these final states arises from the possibility of glueball production with subsequent decays to φφ [3] .
We study the charmless decays B → φφK by working below the charm production threshold (m φφ < 2.85 GeV/c 2 ) to avoid the region dominated by the η c resonance. Theoretical estimates of these branching fractions are in the range (1.3 -4. 2) × 10 −6 [4, 5] within the above kinematic region. The Belle Collaboration has previously reported evidence for the decay B + → φφK + with a branching fraction of 2.6
−6 for m φφ < 2.85 GeV/c 2 [6] ; no measurement of the branching fraction for B 0 → φφK 0 has previously been reported. Throughout this paper, for any given mode, the corresponding charge-conjugate mode is also implied.
The data used in this analysis were collected with the BABAR detector [7] at the PEP-II asymmetric e + e − storage ring. These data represent an integrated luminosity of 209.1 fb −1 collected at a center-of-mass (CM) energy √ s = 10.58 GeV, near the peak of the Υ (4S) resonance, plus 21.6 fb −1 collected at a CM energy approximately 40 MeV below the Υ (4S). These are referred to as the onresonance and off-resonance data samples, respectively.
Charged particles from the e + e − interactions are detected and their momenta measured by a five-layer, double-sided silicon vertex tracker (SVT) and a 40-layer drift chamber (DCH) with a helium-based gas mixture, placed in a 1.5-T uniform magnetic field produced by a superconducting magnet. The charged particles are identified using likelihood ratios calculated from the ionization energy loss (dE/dx) measurements in the SVT and DCH, and from the observed pattern of Cherenkov light in an internally reflecting ring-imaging detector. A K/π separation of better than four standard deviations (σ) is achieved for momenta below 3 GeV/c, smoothly decreasing to 2.5 σ at the highest momenta present in the B-decay final states. Photons and electrons are identified as isolated electromagnetic showers in a CsI(Tl) electromagnetic calorimeter. The detector response is simulated with the GEANT4 [8] program.
The B-meson daughter candidates are reconstructed through their decays
we require one charged track to be consistent with the kaon hypothesis, the other to be inconsistent with the pion hypothesis, and the invariant mass to satisfy 1000 < m
2 . The variable m K + K − will be later used in the fit. The K 0 S candidates are formed from pairs of oppositely charged tracks consistent with the pion hypothesis, with a vertex χ 2 probability greater than 0.001 and a reconstructed decay length greater than 2 mm. We require the invariant mass of the two pions to satisfy 486 < m π + π − < 510 MeV/c 2 . We reconstruct a B-meson candidate by combining a K + or K 0 S with two φ candidates. From the kinematics of the Υ (4S) decays, we determine the energy-substituted 
. In events with multiple candidates we arbitrarily select one candidate to avoid a potential bias in the shape of the variables used in the selection Backgrounds arise primarily from random combinations of tracks in the continuum e + e − →(q = u, d, s, c) events. Because of the jet-like topology, in contrast to the nearly isotropic distribution of final particles from the process Υ (4S) → bb, the continuum background can be significantly reduced by an appropriate choice of variables describing the event shape. Discrimination between signal and continuum events is obtained using a Fisher discriminant F . The variable F combines eleven event-shape variables defined 
in the CM frame [9] : the polar angles of the B momentum vector and the B candidate thrust axis with respect to the beam axis, and the scalar sum of the momenta of charged particles and photons (excluding particles from the B candidate) in nine 10
• polar-angle intervals coaxial with the B-candidate thrust axis.
We use Monte Carlo (MC) simulation for an initial estimate of the residual BB background and to identify the decays that may survive the candidate selection and have characteristics similar to the signal. We find that the contributions from the multi-kaon decays, B +/0 → φK
, are negligible after selecting events with two φ meson candidates.
We obtain the signal yields from an unbinned extended maximum-likelihood fit. The variables used in the fit are ∆E, m ES , the invariant masses of two φ meson candidates, and F . The likelihood function has two categories of probability-density functions (PDF), one for signal and the other for the continuum background. The likelihood function is defined as
where N is the number of candidates, n j is the number of events in category j, and P j (x i ) is the corresponding PDF, evaluated with the observables x i of the ith event.
Since correlations among the observables are small, we take each P as the product of the PDFs for the separate variables. Possible systematic effects arising from correlations are discussed later. We determine the signal PDF parameters from MC simulated data. We generate signal MC assuming that the B meson decays isotropically to φφK, using threebody phase space. The signal PDF distributions are parametrized using a single Gaussian function for m ES , a sum of two Gaussian functions with the same mean for ∆E, a sum of an asymmetric Gaussian function with a different width below and above its maximum, and a single Gaussian for F . The φ candidate mass distributions are parametrized using a relativistic Breit-Wigner distribution convolved with a Gaussian resolution function. Control samples (e.g., B → D(Kππ)π) are used to verify the resolutions obtained from signal MC. The signal PDFs are obtained using correctly reconstructed B → φφK decays from MC simulated data.
The background PDFs are determined using m ES and ∆E sideband data (5.20 < m ES < 5.26 GeV/c 2 , 0.1 < |∆E| < 0.2 GeV). We use a first-order polynomial for ∆E, an empirical phase-space function [10] for m ES , and an asymmetric Gaussian function for F . Since the background includes both resonant and non-resonant K + K − combinations, the φ-candidate mass distributions are parametrized as the sum of the φ lineshape (as described above) and a first-order polynomial. The parameters allowed to vary in the fit are the signal and background yields and all the background PDF parameters except the φ mass and width. The signal yield from a fit performed on off-resonance data was consistent with zero, as expected.
Before applying the fitting procedure to the data we evaluate the possible signal-yield bias from neglecting small residual correlations between discriminating variables in the signal PDFs. The bias is determined from ensembles of mock experiments obtained from samples of signal MC events combined withbackground events generated from the PDFs. We find a bias of 7% (10%) for B + → φφK + (B 0 → φφK 0 ). We correct the signaldetection efficiency for this fit bias.
We compute the branching fractions from the fitted signal-event yields, detection efficiencies, daughter branching fractions, and the number of produced Bmeson pairs. In Table I , we show the fitted signal yield, the detection efficiencies, the products of daughter branching fractions for each decay mode, the significances S(σ), and the measured branching fractions. We assume equal decay rates of the Υ (4S) to B + B − and B 0 B 0 . The statistical uncertainties in the signal yields are taken as the change in the central value when the quantity −2 ln L increases by one unit from its minimum value. The significance is taken as the square root of the difference between the value of -2lnL (with systematic uncertainties included) for zero signal and its value at the minimum.
In Fig. 1 (a, b) , we show the m ES projection distributions of B + → φφK + and B 0 → φφK 0 events with a requirement |∆E| < 0.05 GeV. The corresponding ∆E projections for m ES > 5.27 GeV/c 2 are shown in Fig. 1  (c, d ). The PDF model represents the data well, and a significant signal is seen in B + → φφK + . At the present level of statistics, we do not observe any evidence for resonant structure in the φφK Dalitz plot. This is consistent with our use of three-body phase space in the signal MC. The invariant mass of two φ mesons from the decay B + → φφK + is shown in Fig. 2 . Both the signal and background display smooth behavior with no evidence of any structure. We therefore see no evidence to support the hypothesis of glueball production.
The systematic uncertainties are dominated by our knowledge of the signal and background PDFs, fitbias correction, signal MC modeling, and possible nonresonant background contributions. The PDF-modeling error is largely included in the statistical uncertainty since most background parameters are free in the fit. The uncertainties in the signal PDFs are estimated by varying the signal PDF parameters within their errors. We estimate the uncertainty to be 3.8% and 4.8% for charged and neutral B meson decays, respectively. The systematic uncertainty due to any discrepancy in the signal PDFs between the signal MC and the control data samples is 1.7% (1.8%) for B + → φφK + (B 0 → φφK 0 ). The uncertainty in the fit-bias correction is taken to be a half of the correction. To estimate the uncertainty due to the non-resonant background, we refit the data by including a non-resonant component in the fit. The change in the signal yield is taken as a systematic uncertainty; it is found to be 5% for the charged B meson decay and 3% for the neutral one. The uncertainty due to the use of three-body phase space when calculating the signal efficiency is 3%, as determined by the signal efficiency variation across the Dalitz plot. A correction is applied to account for known data-MC differences in track-finding efficiency. The uncertainty on this correction is 0.8% per track. Systematic uncertainty due to the PID requirements are 3.5% and 2.5% for the charged and neutral B meson decays, respectively. There is a systematic uncertainty of 2.1% on the efficiency of K 0 S reconstruction. The uncertainty on the total number of BB pairs in the data sample is 1.1%. Published data [11] provide the uncertainties in the B-daughter product branching fractions (0.2 -1.4%).
In conclusion, in the charged decay mode, we observe a signal of 64 ± 9 (stat) events with a significance of 12.9 σ, corresponding to a branching fraction of B(B + → φφK + ) = (7.5 ± 1.0 (stat) ± 0.7 (syst)) ×10 −6 , where m φφ < 2.85 GeV/c 2 . This result is larger than the previous measurement reported by the Belle Collaboration and is also larger than theoretical predictions. The decay B + → φφK + is not dominated by a narrow glueball state with mass below 2.85 GeV/c 2 . In the neutral mode, we observe a signal of 10.0 
